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1- BIOMARKER FOR RESPONSE MONITORING OF CDK INHIBITORS
IN THE CLINIC The present invention relates generally to the field of
pharmacodynamics and, more specifically, to a pharmacodynamic
biomarker (inhibition of Rb phosphorylation) whose expression pattern in
surrogate tissue correlates with a response of cells and tumors to
treatment with one or more cdk inhibiting agents. 5 Uncontrolled
pralfeation isanalmakal capogaells, Thisprolfgration seems o
originate from the accumulation o cts in the cell cycle progression.
These defects can result in theNo§&Bf chackpoint control and/or the
inappropriate activation of the drivers of cell cycle progression, the
cyclin-dependent kinases (referred to herein as "cdks" or "CDKSs").
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n Ronmal ceils many ot these enzymes canrb CalshoHsed ASEN 8 8 s” o1
el VE ﬂhdﬂ@%ﬁ%ﬁ@é wirieh padorm distrcvidiéde tedueysiein major solid

pregressiedy{van den blewetoRm, @ﬂ&irﬁﬁlrkﬁ‘@st&tﬁ %ﬁ@%@ﬁ%@%ﬁ%ﬁﬁas)
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ar protems at Include tumor s up ressors (e.
}HtRJﬁeFé}etors (e.g., E2F-DPI, RNA pol Il), replication factors (e.q.,
DNA pol a, 25 replication protein A), and organizational factors which
influence cellular and chromatin structures (e.g., Histone HI, lamin A,
MPAA4) (Nigg, E. A., Trends in Cell Biology 1993; 3:296-201; Rickert, P.,
et al, Orcotferrec1Soige/I22680:2640; DymlachtBt De chafirMulgCett8ichind the

@89@7?8%7 éi%ﬁ%%s o Qokaka dnetal n&iﬁf‘sﬂgmﬁt@ﬁgﬁﬁ% composed of at least a
catalytic subunit and a regulatory (cyclin) subunit (Organ, D. O., Nature 1995; 374:131-

134). To date, nine cdks (cdki through ¢dk9) and eleven cyclin subunits have been
identified which can form in excess of thirteen active kinase complexes (J Gould, K. L.,
(1994) in Protein Kinases (Woodgett, ]. R., ed), pp. 149-1766, Oxford University Press,
Oxford). In normal cells, many of these enzymes can be categorized as G1, S, or G2/M
phase enzymes which perform distinct roles in cell cycle progression (van den Heuvel, S.,

and Harlow, E., Science 1993; 262: 2050-2054). Cdks phosphorylate and modulate the

- activity of a variety of cellular proteins that include tumor suppressors {e.g., RB, p53),

transcription factors (e.g., E2F-DP1, RNA pol IT), replication factors (e.g., DNA pol ¢,
replication protein A), and organizational factors which influence cellular and chromatin
structures (e.g., Histone HI, lamin A, MPA4) {Nigg, E. A., Trends in Cell Biology 1993;
3:296-201; Rickert, P, et al, Oncogene 1996; 12:2631-2640; Dynlacht, B. D. et al, Mol
Cell Biol. 1997; 17:3867-3875; Ookata, K. et al., Biochemistry 1997; 36:15873-15883).
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-2- Cdk activity is regulated through a variety of co-ordinated mechanisms,
which include cell cycle dependent transcription and translation, cell cycle
dependent proteolysis, subcellular Iocalizﬁation, post-translational
modifications, and interaction with cdk infibitor proteins (referred to

here”&éﬁ a&B §s )féglé%‘?eg% 'égéﬂfgq% HUnIGL Tor 2GS 1202 é@aﬁ%&@&? which

King, R. W [, Sci 4:1652-1659; LI, J. et al., Proc N
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targers farthe development ofchemotherapelltic agents, Ieihe @arlya. 1726

clinical development of anti-cancer agents, clinical trials are typlcally
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mgxintary telérated disealie piayenbtibe tép@@pﬁ&telmscef rbsuittrapsidic agents.
considerable interest in identifying a pharmacodynamic (PD) biomarker

that correlates with the pharmacologic modulation of a tumor target.

These PD biomarkers may be tumor-specific, but ideally should also be

expreb8&brifra R sl R iR ARN-50MSGEARRE SITHBF P eHpK @rgItyPically
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Rb.i SIO| eI nt.sup trate for the cyclin de t.ki
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thecBIshAS i kpown indhe ittt nhibiars dnhibtmhosphepdatio m@fa result,

e Rb substrate (such as in cell lines and ,tumor xenograft ed WI
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bb BM er, S.R. et al., Cancer Research 2004
6&!@’6@-21?2 Oif'@énEhNdH? andsslirraidrambarirarcnhsrshloghmononudear cells
49HR33H248). Inhibition of Rb phosphorylation

Rb is a physiologically relevant substrate for the cyclin dependent kinases (CDKs).
Rb {retinoblastoma protein) is a tumor suppressor. Activity of the Rb is regulated by
phosphorylation at serine and threonine residues by the CDKs. As is known in the art,
CDK inhibitors inhibit phosphorylation of the Rb substrate (such as in cell lines and
tumor xenografts treated with CDKi s) and consequently this leads to cell cycle and
growth arrest. Inhibition of Rb phosphorylation in cells has been reported for CYC 202
(r-Roscovitine), flavopirdol, and the CDK inhibitor from Bristol. Myers Squibb, BMS-
387032 (Whittaker, S.R. et al., Cancer Research 2004; 64:262-272, Yue, EEW. et al,
Journal of Medicinal Chemistry 2002; 45:5233-5248). Inhibition of Rb phosphorylation
in cells and in tumor xenografts has also been shown with the CDK inhibitor from Phzer,
PD 0332991 (Fry, D. W. et al, Molecular Cancer Therapeutics 2004: 3:1427-1437).



in cells and in tumor xenografts has also been shown with the CDK

inhibitor from Pfizer, PD 0332991 (Fry, D. W. et al, Molecular Cancer
Therapeutics 2004: 3:1427-1437). - J Howgever, tumor tissue is not easily
accessible for sampling, creating the need for a surrogate tissue that
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biopsies)r Rug 4o thesmalsampler sizejand.unavailabiity.of (N tieblebuccal
from the 3bpart,ial responders, no definitive conclusion coir{d be m
o

de .. :
¥ re GHHHY 1188 O BUCCAI LTS A tisStie S8 A SUfdgate fo P’éﬁi%f%be“ed n 6 paired
antittrmor aetivityzahfiavopitidol. DT hushthenelremainssa need to ddeiwifyity of tumor

biomarkers,whose.expreasion Batierns, sorcelle . adesRanee o galsesarding
to treatment with one or more cdk modulating agents, in surrogate =~
tisstes! ThEdist6sti8 e reih CHRERIHESIFUIRD AR e Ve REthBds 1o
tesﬁmd@@igopredicting whether a mammal will respond therapeutically to a
_method of treating cancer, as well as whether an agent that inhibits cdk
13activity produces a therapeutic response in a mammal, with a focus on
detecting the inhibition of phosphorylation of the retinoblastoma protein
(Rb) at plitativegshosphory katiort $ites: AGTORdmRIG Afirdtcaspapt cthieteriatterms
provided.a method for testing.and/or assessingvhether-an-agentihatiating agents,

inhibits cdk activity produces a therapeutic response in a mammal, said
metREBTEBHBITSTIG a) measuring in a surrogate tissue sample of the
mammal the level of the phosphorylation of retinoblastoma protein (Rb) at

putative phaspiesyati@Merein concerns in vivo and ex vivo methods for testing and
predicting whether a mammal will respbnd therapeutically to a method of treating cancer,
as well as whether an agent that inhibits cdk activity produces a therapeutic
response in & mammal, with a focus on detecting the inhibition of phosphorylation of the

retinoblastoma protein (Rb) at putative phosphorylation sites.

According to a first aspect. there is provided a method for testing and/or assessing
whether an agent that inhibits cdk activity produces a therapeutic response in & mammal,
said method comprising: a) measuring in a surrogate tissue sample of the mammal the
level of the phosphorylation of retinoblasioma protein (Rb) at putative phosphorylation
sites: b) measuring in a surrogate tissue sample of the mammal, that has been exposed to
the agent that inhibits cdk activity. the level of the phosphorylation of retinoblastoma
protein (Rb) at the putative phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblasioma protein measured in step b) compared to the level of
the phosphorylation of retinoblastoma protein measured in step a) indicates a therapeutic

response.



sites; b) measuring in a surrogate tissue sample of the mammal, that has
been exposed to the agent that inhibits cdlc activity, the level of the
phosphorylation of retinoblastoma protein (Rb) at the putative
phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma prote?’ﬁ measured in step b) compared
to the level of the phosphorylation of retinoblastoma proteln measured in

step q) indicates a therapeutic response. %(Accordm % ond
aspelC {HEIBE Lt 86iaRt ARoEk WYS }%SEH“ eénﬁa P‘E uittig
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will respond therapeutically to the method treatlng}‘cancer According to
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AE roth &

thEARS YA S anTBRE A& S uhich the cdk inhibitor has been

administered, wherein the test biological samples were obtained from the

mammal a 0 eC| ed times a admln erln the.cdk
R R e R 80 e
phesnisiologioak shingpletion thizt idlainbfbrientediclogichtsarple ghteifteding an

208 AR AT G5 AR RO RAR PSRRI IHBIE R Erein
mammal to which the cdk inhibitor has been administered, wherein the test biological
samples were obtained from the mammal at one or more specified times after
administering the cdk inhibitor; and comparing the amount of Rb phosphorylation activity
in the test biological sample to that in a reference biological sample obtained from a

mammal to which no cdk inhibitor has been administered, wherein the test biological

sample is surrogate tissue.

In certain embodiments disclosed herein, the method comprises administering an
agent that inhibits cdk activity, wherein the testing method comprises: a) measuring in a
surrogate tissue of a mammal the level of the phosphorylation of retinoblastoma protein
{Rb) at putative phosphorylation sites; b) exposing the surrogate tissue of a mammal to
the agent that inhibits cdk activity; ¢) measuring in the surrogate tissue of a mammal the
level of the phosphorylation of retinoblastoma protein (Rb) at the putative

phosphorylation sites, wherein a difference (reduction) in the level of the



sample is surrogate tissue. In certain embodiments disclosed herein, the
method comprises administering an agent that inhibits cdk activity,
wherein the testing method comprises: a) measuring in a surrogate tissue
of a mammal the level of the phosphorylation of retinoblastoma protein
(Rb) at putative phosphorylation site®) b) exposing the surrogate tissue of
a mammal to the agent that inhibits cdk activity; c) measuring in the
surrogate.tissye of ammal the level of the phosphorylation of
RS RGH LA TA SHBKIIT (4B &Y e HO A DO SBRO SR s
thadifigiengki{radietion)inthentepeitahtheastrqatinsphanyiational that the
retinoblastoma protein measured in step ¢) compared to the, level of the
s T b e r S Rl o
thermaetingl ehesrapeaitienresponse has occurred and that the mammal may
response therapeutically to the method of treating cancer. -4 The
invention also provides a method for monitoring pharmacodynamic drug
action of a cdk inhibitor in the surrogate tissue of a mammal, comprising
administering the cdk inhibitor to the mammal; obtaining one or more test
biological samples from the mammal at one or more specified times after
administering the cdk inhibitor; performing 5 an assay to detect level of Rb
phosphorylation present in the test biological sample or samples after
removal from the mammal; and comparing the amount of Rb
phosphorylation in the test biological sample to that in a reference
biological sample obtained from a mammal to which no cdk inhibitor has
been administered. 10 Fig. 1. Concentration Dependent Decrease in
Phosphorylated Rb in HCT116 Cells 20 hours Post Treatment with
COMPOUND A Determined by Western Blot Analysis Fig. 2:
Concentration Dependent Decrease in Rb in HCT 116 Cells 20 hours Post
15 Treatment with COMPOUND A Determined by ELISA Fig. 3:
Concentration Dependent Decrease in Phosphorylated Rb in MTLn3 Cells
20 hours Post Treatment with COMPOUND A Determined by Western
Blot Analysis 20 Fig. 4: Time Course for Rb Phosphorylation in Rat
Peripheral Blood
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Mononuclear Cells Following Ex Vivo PMA Activation Fig. 5: Inhibition of
Rb Phosphorylation in Rat PBMCs after a Single Oral Dose of
COMPOUND A 25 Fig. 6: Inhibition of Rb,Phosphorylation in MTLn3
Tumors after a Single Oral Dose of COM4POUND A Fig. 7. COMPOUND

A: Plasog.ancihHmes GoRsentrationsaftss ﬁu&&%ﬁ%’ﬂlaﬁ%&?@ 36l Birug

Retinoblastgma Protein Phosphorylation in Human PBMCs Stimulated Ex-
RAUBAH BUIABIREGT & TRAMITOSBF REBGHIASIME Profapprising administering
f?lla@ﬁﬁzhﬁl’ylattﬁrtm}téummﬂ&a MigsinTreatesl cEXn\éM)tthmﬁIWEl@Mmﬂlsﬂfrom the

T REesaTs ovenion smplovs iniess atientise Indedied, SUNGNHNAL Sorming

techniques of molecular biology (including recombinan ttecﬁnlques

meﬁ@@iémésteébhr‘fbh@lﬂjb rhioghemiktipanddirrhunslo gsstwhitisaed saiemis or
e sldll gfdheadvAsecd,b %Eﬁiﬂniﬂe a?!ﬂ%'ﬁ‘fpﬁ@(ﬂ’ﬁ oh 2 (RRD SRG

co ses the plural form and, vice-versa. 10 All publications and
RiYerRRR R Ead hie RPN RATRF B ?Bféeaﬁeéf?f?ﬁéﬁb@i%&@ fpple
abtppierphsen i therapelticwerphansedlofithié poe sanbivventinimistelefined to
be any reduction in 15 the level of the phosphorylation of the

retinoblastoma protein subsequent to treatment, exposure or application
of the agent that inhibits cdk activity (cdki or cdk inhibitory agent) to the

tiSSU@;gfl‘%@%@ﬁ&%&iﬁ%ﬁ&%@&%@@d@ hlood srenenuelenr ¢ @@ﬂﬁ:@ft & Cells
ma tative phos S compar n ong
e Gt S OO, Ao SR P B AT P i
the putative 20 phosphorylation sites, which indicates that inhibition of the
phosphorylation of retinoblastoma protein (Rb) has occurred. The

therapeutic FesRERSS @S hS:HissUe NSl SUIOgALe, tissye o B PIESEMours Post

invention thus maybe used as a correlatlgn W|th the
Treatrent with COMPOUND A Determuined by ELI

Fig. 3: Concentration Dependent Decrease in Phosphorylated Rb in MTLn3 Cells
20 hours Post Treatment with COMPOUND A Determined by Western Blot Analysis

Fig. 4: Time Course for Rb Phosphorylation in Rat Peripheral Blood
Mononuclear Cells Following Fx Vivo PMA Activation

Tig. 5: Inhibition of Rb Phosphorylation in Rat PBMCs after.a  Single Oral Dose of
COMPOUND A

Fig. 6: Inhibition of Rb Phosphorylation in MTLn3 Tumors after a Single Oral Dose
of COMPOUND A '

Fig. 7: COMPOUND A: Plasma and Tumor Concentrations after a Single Oral

Dose

Fig. 8 Retinoblastoma Protein Phosphorylation in Human PBMCs Stimulated Ex-
Vivo with PMA
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pharmacologic modulation of a tumor target. 25 "Exposing” a mammal or

a surrogate tissue of a mammal to an agent that inhibits cdk activity, as

used within the present invention, is defined to be any exposure,

treatment, administration or application Gf hf least one agent that inhibits

cdk agtiyity. - r ive tissue, of the.mammal via -
D R e
namproeratingrelis Bd8EieaR beripheral blood mononuclear cells, of

a mammal, as used within the present invention, is defined to be any

exposyre, treatment or application of at least one actjvating agent to the
non-proRSFTHY (ROTT 15T RN CBIeot S AP AT - & SGATERESHE of
acmiarymal oS pedificddlythéoge iphbrdlnbloed mitgnenueidarn gells) suctotialogy, cell
Al 5. ctiv. t imulated tg.enter the cell

e B A S SRR
invention, defined as those cells which are non-cycling and must be

activated to 5 enter the cell cycle. "In-vivo" method for testing, assessing,
predictingsalebectingthe evglilatifignyigther tamagentibatiphieisiadkoral form and
%‘%Eie\’_i\%rgﬁqk inhibitory agent) produces a therapeutic response in a

mammal according to the present invention, is defined to be any method

of the to present invention which is done or carried out within the living

mammal (cells, tissue, body or organism) as known to one of ordinary

skill ingheahicdtixvadmathad foeiestingcassassibgppiatieiteference in their
dee ec ing()(r)gL Y(fvaltlﬂratci)ryg whether an agent that inhibits cdk activity (cdk

inhibit ry age‘n’tg pl%(i'ubes a therapeutic response 15 in a surrogate tissue

of a mammal, specifically peripheral blood mononuclear cells and other
non-proliferating (non-cycling) cells, is defined to be any method of the

presertHavertian whichds' done. orcaniaduipuisidethediving mammaktion in
(%%taifsy&, b%o(lg %r o%%anisn})tgs kQ.o%otone of ordin%skill in the
art. Re PreSERPIVERtIGH SroViaEs" 8 TREtHOE foP (SR G RITAHHEY 4y treatment,
agentithavinmpits:tedk dctivitg produceshaltherdpeuticire$ptiise inllainhibitory
mammal aeidsetho compusing ). @&%ﬁg%@&%ﬁ@ﬂ%&ﬁ&'@ﬂ&b of a
the phosphorylation of retinoblastoma protein (Rb)
mammal at putative phosphorylation sites, s compared to an original or pre-treatment
level of the phosphorylation of the retinoblastoma protein at the putative
phosphorylation sites, which indicates that inhibition of the phosphorylation of
retinoblastoma protein (Rb) has occurred. The therapeutic response of the tissue and
surrogate tissue of the present invention thus may be used as a correlation with the

pharmacologic modulation of a tumor target.

"Exposihg" a mammal or a surrogate tissue of a mammal to an agent that inhibits
cdk activity, as used within the present invention, is defined to be any exposure,
treatment, administration or application of at least one agent that inhibits cdk activity to
the mammal or the surrogative tissue of the mammal via any process known to one of

ordinary skill in the art.

"Activating” the non-proliferating cells, specifically peripheral blood mononuclear
cells, of a mammal, as used within the present invention, is defined to be any exposure,

treatment or application of at least one activating agent to the non-praliferating {(non-
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at putative phosphorylation sites; b) exposing the mammal to the agent
that inhibits cdk activity; c) measuring in the mammal the level of the
phosphorylation of retinoblastoma 25 protein (Rb) at the putative
phosphorylation sites, wherein a reductiorfin the level of the

phgsphorylation of retinoblastoma pratein measured in step. c) ared
AR ot B SR D FOU S S OB reRtpeere
St Ayindivateksa atibiapeuticatespbngls Nevertermimeakurihthin theome
mANMAkias used herein seiatestn, SUNRIFID, A, 30 MRASUSMENLER i8¢ of the

mammal, or to a measurement on a surrogate tissue which was removed

PR e 6 b re SBAtS RN BV BraiAaes S dioshiesbliefastivated to

testinghwhethetia. mammal will respond therapeutically to a method of

treating cancer comprising administering an 7- agent that inhibits cdk

activity, wherein the testing method comprises: a) measuring in a

surrogate tissue in a mammal the level of the phosphorylation of .

retinoblAstBa BrEteTh iR g BEsRHE HHY el gitesonyelpssnigyhether

the spamal sHiheraganidhatinbiits ek ASthiBAteHMaasH NG it itic response

rpamrrr?aal thg1 Ia(.ecvel {%f thte ;ﬁ{ﬁosEhor){lation of 5 retinoblastoma protein (Rb)}f n

AP th & BT A SRESBR S GBI SHRLIWHERTH '3 ffararee it aebartt the

theeposphonitatiohioh ietinoblaisternz proteinthieasuiedrp stepmp! (cells, tissue,

wsapaiestia e sveholihe phesphandationigh eiiaghlastoma protein

measured in step a) indicates that the marhmal will respond

therapeutically to the method of treating cancer. 10 The present invention

provides an in vivo method for testing whether a mammal will respond

therap&isticalty inahmétbocafipeatiagtaneesdontprisigadmnisieing@nwhether
ent that inhibits .cdk.activity, wherein the testing methqgd comprises: a) -

R PR SR R T BErS el response

retinoprasteind rstein (Ruharpyraivecdyosphdwididnsltesivrexposingls and

thﬁl@%@fﬁﬁlﬁﬁgiﬂ?@té%ﬁﬂbﬁl@%ﬁh@iE%EQ,Ifé ACHNIRY t6)hd 3 DERASUERD PG resent
mammal th Iﬁgel(%ft e phosphorylation of retinoblastoma protejin (Rb) at

0
CHRY AN BB RO bR W HERATS ED GRS TRt FSUel GRte body or
phgsphorylatiomefiretinoblzstenepretdin:méasured in step ¢) compared

to the level of the phosphorylation of retinoblastoma protein measured in

step a) indicates that the mammal will respond therapeutically to the

method_ of treating cancer. . ) o
he presentinvention provides a method for testing whether an agent that inhibits

cdk activity produces a therapeutic response in a mammal, said method comprising: a)
measuring in a mammal the level of the phosphorylation of retinoblastoma protein (Rb)
at putative phosphorylation sites; b) exposing the mammal to the agent that inhibits cdk
activity; ¢) measuring in the mammal the level of the phosphorylation of retinoblastoma
protein (Rb) at the putative phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma protein measured in step c) compared to the level of
the phosphorylation of retinoblastoma protein measured in step a) indicates a

therapeutic response.

The term “measuring in the mammal” as used herein relates to either to a
measurement on the mammal, or to a measurement on a surrogate tissue which was

removed from the mammal,

The present invention provides an in vivo method for testing whether a marmimal

will respond therapeutically to a method of treating cancer comprising administering an
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20 The present invention also provides an in vivo method for testing
whether an agent that inhibits cdlc activity produces a therapeutic
response in a mammal, wherein said tes}ing method comprises: a)
measuring in a surrogate tissue in a mammal the level of the

QsRharylation, 9&%&%@@@%&9@@@ rtein Rk pylative PhesPHONAIeR: in o

sites; b) 25 exposing the surrogate tissue of a mammal to the agent that _
THRIB AR RS HE AVt T e LSy rfl‘]ﬁ@liﬁftﬁé@ RiPPRAr tHdi fsvef Bitipgblastoma protein

pheosphandatiopiefsigtinphiastome ipiein REIRLthepuiatyehe agent that inhibits
(ﬂgs har _Iaﬁion sites, wherein a red cttkilorf in th Jeve of tple lation of

g & tﬁ‘g%lé iGN BT PRt ObIASIOIA Protein Measurediin Sty c) tompared |
totthetlievelroé pherphd8pherylatipnidivehoblistotaprotein wisasuredifiference in
a&smeaézleﬁiﬁé%%?omo%ég&%@;@Bsyﬂggt%%ﬁggmgmagwgsqnH}@ ¢) compared

present invention also provides an in vivo method for testing whether an

Yt B RS Quhb ativity prbaR b b thursput t R ptsedina P 2)
mamaliiwherein saidalestingspreth obecaroprisss: @) measthingoftifating cancer.
mammal the level of the phosphorylation of 35 retinoblastoma protein (Rb)

at putative phosphorylation sites; b) exposing the mammal to the agent

that inHibits cdiktastivitioo)meadtrimginviie mahud & thestevelbtthe gnammal

W§QMH@E%9&B£ﬁ%QQW{@%%@'%QHO$?if@e@_ﬁ*}]%j@ﬁﬁ'@@r EHI}ﬁf%}g?ing administering an

phosphorylation sites, wherein a reduction in the level o o
BETETRA B S e RrOBIESIHA Brote s FE4ReaR i FSp eSScohpeRging in 2
indherieMel.abibeoplasphetylaiion witeimelitasibmempretetsimngdsuneshintive

s indicates that,the therapeutic response has occured. 5..I.he agent. ..
B S P eSS A e S B v
tingasre i thre mionmd el aisy ddksntiibiidalarnne thosecotesteipagotein
skilljinthe 3H{SRR fHdshiR Rt ArRlicalion 2000162303, Meneby of the

incorporated by reference) and is preferably selected from the gro

SR 51 o RSB AT e SR NG P SIBEred 1o the level of
diarpineipiazcles andfoxinddlestdmopeoembodiment itheqgertthattes that the
inhibits ¢dkactivity i modified.diamjnopyrimiding. and._mor Iarticularly

i yltulaci RS, et el kgt
inhibits cdk activity is [4-amino-2-(1-methanesulfonylpiperidin-4-ylamino)

The present invention also provides an in vive method for testing whether an agent
that inhibits cdk activity produces a therapeutic response in a mammal, wherein said
testing method comprises: a} measuring in a surrogate tissue in a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites; b)
exposing the surrogate tissue of a mammal to the agent that inhibits cdk activity; c)
measuring in the mammal the level of the phosphorylation of retinoblastoma protein
(Rb) at the putative phosphorylation sites, wherein a reduction in the level of the
phosphorylation of retinoblastoma protein measured in step ¢) compared to the level of
the phosphorylation of retinoblastoma protein measured in step a) indicates that the

therapeutic response has occurred.

The present invention also provides an in vivo method for testing whether an agent
that inhibits cdk activity produces a therapeutic response in a mammal, wherein said
testing method comprises: a) measuring in a mamimnal the level of the phosphorylation of
retinoblastoma protein (Rb) at putative phosphorylation sites; b) exposing the mammal

to the agent that inhibits cdk activity; ¢} measuring in the mammal the level of the
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pyrimidin-5-yll-(2, 3-difluoro-6-methoxyphenyl) methanone. Other cdk
inhibitors that 15 may act as a CDKi within the scope of the present

invention include purine analogues (such,as CYC-202) and semi

synthetic alkaloids (such as flavopiridol). The putative phosphorylation
fissabibedigssaLinantannclige fenphasRoation ASSIBAMNIR i

?hos of %@dinary skill in'the art and is p?g‘e?ably s?élected p$21lb #)omlcmée1 SIS

YRt ARG BisERns ds! durioTsm st ad 7rsp b st thrduatae
S21suwithseripe B4 LIaana preferwithd basyammakfthe RieseMstoma

invention may he any mammal and is preferably selected from the grou
B ERHERo1 b Uon Ut PP A STSTBRALI: o7 thE 28 e

methods described herein which are performed on a surrogate tissue
which was removed from the body, the mammal is human. The present -

inve nﬁﬁéll z%lﬁﬁ @E@Vi%%?ﬁ%@ &m&éggd??ﬁtt(rmﬁq%ﬁr@ﬂéﬁft?m th8fiAting agent

al Will respon erapeutic 0 a metnoa or treating cancer .
S S A TSR S e AT T B W et
gridldictihgamethed.cchififtises: Ay phieasuingitiacinbdatelissue giaated by
! ) ey lgvel el Iiagen. of retinobigstoma pratein (Rb)
g}%%’%%e}%ggﬁjhger a\%? o%ag??égg(ﬁb%/ e&% ) E|Rgpth8 ssllj"%ro at@ |s%l]j%e@%)f a
faaminantoTHe inge diardnpihiprd soldiantivierieyolnead fnig deltseln one
skiredairlissHe gbarmammabibecteyvelofithesphaspinylatienRfpRimidine and
retinoblastoinet Yprotei_n Rb?{ at the 5{)th ive pg%spho‘?/la ion sites, %y]%er%#n
A R R R T ki SV S IRE BROSPFor RSO EHh BRI TRTefRe agent
ﬂigﬁi&habddncﬁtepth)i@dm@amdnmgﬁd4thh&d@maﬁpmiﬂl'amwanino).
Fzg{}gﬁﬁﬁ@gl?ﬂ%?éﬁ‘ﬂfﬁ'&%%ﬁ%ﬁb%?@%@;?%%ﬁ%ﬁﬁ&@ét SRR rs that

pond thefapeutically to the metho ing cancer. 5 The present
VBAGDH AISE Brovitus Seift vivorhiB g Yo predi® \redsarugine analogues
reammatbwitl respand therapauiicalyitalsimethed of frrafingdeancer
comprising administering an agent that inhibits cdk activity, wherein the
predicting method comprises: a) measuring in a mammal the level of the
phosphorylation of retinoblastoma 10 protein (Rb) at putative

phospusTy a6 sRBSS ) Bsbising feohiampiai ot theagontithde dnHibits

etk qebinsDmIraskEngindhednampaline evaliafthe, RhesPhondRtiMy selected

f i . , . :
Som the group consisting of serine 795, serine 780, serine 807/811 and threonine 821,
with serine 807/811 being preferred.

The mammal of the present invention may be any mamsmal and is preferably
selected from the group consisting of mouse, rat or human. More preferably, for the ex
vivo methods described herein which are performed on a surrogate tissue which was

removed from the body, the mammal is human.

The present invention also provides an in vivo method for predicting whether a
mammal will respond therapeutically to a method of treating cancer comprising
administering an agent that inhibits cdk activity, wherein the predicting method
comprises: a) measuring in a surrogate tissue of a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites; b}
exposing the surrogate tissue of a mammal to the agent that inhibits cdk activity; ¢}

measuring in the surrogate tissue of a mammal the level of the phosphorylation of
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retinoblastoma protein (Rb) at the putative phosphorylation sites, wherein
a difference in the level of the phosphorylation of retinoblastoma protein
measured in step ¢) compared to the level of the phosphorylation of
retinoblastoma protein measured in step 8} 15 indicates that the mammal

will respond thera eu lly tg the metho cancer he present
RO AIES B B ool 3P I RO G e & o flrence i

tihfdspﬁ@Mhrti@hasptetrmbtimw’imtiputtbmo(xﬁh)patqautanmm@phmpila)tmmpared
fites.inaRrd m@mmgiﬁgmgaémgf@&mmt@w}g gﬁtét%ﬁpht@ﬁhnﬁ'mtaggt

act|V|ty, wherein'the 'm comprlses a mea ringpin asurrogate
tidsetertaantmmaneleibremeed Hrosprsisation dretribprhstorsating cancer.

protein (Rb); b) exposing the surrogate tissue of a mammal to the agent
that inhibits cdk activi easun in the su sue

mam i BTG o N DHGET ARG Or et Heton BrSlesneREycher
vahereinl W@S‘@tﬁﬁméﬁbam ethE;déi/;etco:ii thethphdsphontiationofer comprising
retinelastoma, REtein.measiRd N SIER ), %@&%ﬁﬂé@t@&éﬁi{g'&t&&

phosphorylation of retinoblastoma protein measured in icates

tRA St MEAHE Bhbsh RS E S Fh6r 7Etl b harbne brot gaﬁqpef rRiggoblastoma
pmtre@zta&gﬂftamembgﬁmmﬂuﬁ(ﬁt §h@sﬂ5@%§pbbﬁ\/§ﬂi@ﬁ1ﬁﬁﬂlﬂr@tﬂ@ agent that

X=VIV r_testing whether a ma WI| .
e e B B e Aesbgrgion of
aﬁiage}atﬂmmalpmmg Bk adtivity uihisrei tseltestingom @ttmmbmﬁpriséiscference in
@@@U%m fcﬁ’f perphsrl blond ﬁ%ﬂpﬂﬁgﬁz{rgﬁ i3 &E}? (%5c0rnpared

mammal; b) measur the level of the phosphorylation of retinobla oma
bsEREY %P&Pﬂ?ﬁa fiatrbeiER Rl o 8 TAtER TMESHFROImESP 2)
pediphesahblobemonenleidiatsgelis ohdhe cmammatoahactivadtiiged tseﬁmgicancer_
amount of peripheral blood mononuclear cells of a mammal and

simultaneously exposing the second amount of peripheral blood
mononuclear cells of the mammal to the agent that inhibits cdk activity; d)
measuring the 5 level of the phosphorylation of retinoblastoma protein

(Rb) att}th@@u&@tiuefeiatteﬁptnmﬂati@ﬁeeiteﬁémﬁmfeea@ft@tatg@mwon of the
I}i\ral E)tlood ﬁc ear cells of. th@3 amm{aiL whe]Frein adi eren et
P Ih 8 R ORB R R o1 Y Al BRaRT A ayes i

Stfe-pld)aécmparedlgﬁmmte%mlfgthe q:gﬁosﬁlrwryiétbms ofik activity, wherein the
method comprises: a) measuring in a surrogate tissue of 2 mammal the level of the
phosphorylation of retinoblastoma protein (Rb); b) exposing the surrogate tissue of a
mammal to the agent that inhibits ¢dk activity; ¢} measuring in the surrogate tissue of a
mammal the level of the phosphorylation of retinoblastoma protein (Rb), wherein a
difference in the level of the phosphorylation of retinoblastoma protein measured in step
¢) compared to the level of the phosphorylation of retinoblastoma protein measured in

step a) indicates that inhibition of the phosphorylation of retinoblastora protein (Rb)

has occurred.

Certain embodiments of the present invention also provide an ex-vivo method for
testing whether a mammal will respond therapeutically to a method of treating cancer
comprising administering an agent that inhibits cdk activity, wherein the testing method
comprises: a) activating a first amount of peripheral blood mononuclear cells of a

mammal; b} measuring the level of the phosphorylation of retinoblastoma protein (Rb)
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retinoblastoma protein measured in step b) indicates that the mammal

may respond 10 therapeutically to the method of treating cancer. The

present invention also provides an ex-vivo method for predicting whether

a mammal will respond therapeutically t0'8 method of treating cancer
comprising ;administering an agent that inhibits cdk activity, wherein the
e S e L e L P B g
s ribnoreiedr Celid ishangrarmmmal! by mezsuting teieVdbofithenonuclear
REpsphonylation fretnabiasiomaPERIBHERM. MBUBLNR unt of peripheral blood

phosphorylation sites in the first amount of peripheral blood mononuclear
CBIS I IRE A S Brtivatht Asetishb Batouhters safiprerapbogeasuring the
rodariblepliooelis-ola snarhraah abid simaltaneeusiRiExpasingitheisecond

t of peripheral blood 20 manonuclear cells of mammal to the ‘
R S I B PR R U DR cas o e

phasphdryThtenno fefiereblestoha IsrslaihtiRphasphe plragve  retinoblastoma

Rheanhonvlationsiterndhessesand amaunt,ef perirharalepdation of
h

mononuclear cells of the mammal, whrﬁ rein.a difference in the level of the
BRBSAR iﬁ’ﬁ%ﬁf8f*‘?‘é‘tﬁ??86?&§%ﬁ%“ﬁ’o e e -%%@W%Wawond
tchtheplavdtdf thetphosphedylédtiontaf 2 retinoblastoma protein measured

in step b) indicates that the mammal may respond therapeutically to the
method of treating cancer. Also provided by the present invention is a
method of monitoring the level of phosphorylation of retinoblastoma

proteirt PRBYAEHURIRE BRSSSHITAioTBitSs Y arsshedfrpicddipasihgter a
aﬂaﬁnﬁ%ﬂ&@p@g@me&%@mmﬁt@%@@awwof\m@iﬁﬁgt&%&sﬁ&lb@dﬁmfmg
comprises:. a) measuring in a surrogate tissue of a mammal the, leve

D e TP Tt 6 B b e ime method
phospherylationsitasg bYiexposingtthérsuipbgeiebliissdenobameammalltoof a

the. Agant U?%QQMP!%@I#‘ 1@9&%@&@;;%%@%?@9&8&%? x%%ﬁBEEE@o@ﬁ&ééiﬁo%m (Rb)

a mammal the level of the phosphorylation of 35 retinoblastoma prot

(R RHE ST afatanes fithi Bvelibt e BHESRsIRAEH Biead mononudear

retiboifldstomanpisiteinaneasiied iecsiep.elcompairdifhihea Ivelichii@nuclear

BRI PO OB DR EAD ) B

decmeedcBaT hdlprd senrinventbe ikewise ploviddsbitrwthedioity; d) measuring the

MARItEFNG e dgusHAktion of retinoblastoma protein (Rb) at the putative
phosphorylation sites in the second amount of peripheral blood mononuclear cells of the
mammal, wherein a difference in the level of the phosphorylation of retinoblastoma
protein measured in step d) compared to the level of the phosphorylation of
retinoblastoma protein measured in step b) indicates that the mammal may respond

therapeutically to the method of treating cancer.

Also provided by the present invention is a method of monitoring the level of
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites in a
mammal comprising administering an agent that inhibits cdk activity, wherein the
method comprises: a) measuring in a surrogate tissue of a mammal the level of the
phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation sites; b}
exposing the surrogate tissue of a mammal to the agent that inhibits cdk activity; ¢
measuring in the surrogate tissue of a mammal the level of the phosphorylation of

retinoblastoma protein (Rb), wherein a difference in the level of the phosphorylation of
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phosphorylation of retinoblastoma protein (Rb) at putative phosphorylation
sites in a tumor treated with a cdk-inhibitory agent, wherein the method
further comprises a) activating a first surﬁ)gate tissue (such as peripheral
blood mononuclear cells) of the mammal; b) measuring in the first

2R % ST tls ?o%m m?X%‘gQQMQ%J % 9&%2%%‘8&’&%@8&&'%??1@ g( sphorylation .

retln astom proteln at puta ve p ory lation sites; c |ng
of seeppblairrog ate wismeeaTars Maksnal todisetegky

Febivating e seeonshauriogata tssuer(SRENAs Hae&%&pheral blood

mononuclear cells) of the mammal ex vivo with an activating agent, e)
measuring in the activated second surrogate tissue of the mammal the
level of the phosphorylation of retinoblastoma 15 protein (Rb), wherein a
differ&ieeinsting evel oftHephvsphovidatemotretind| bmsttﬁm'algatb@éﬁwel of

PIERSHH nSien %ﬁ%ﬂ&%&ﬂ&g%@f’e4§Yﬁh?fa£%{a%9§%%r RUAALHn sites in 2

blastoma protein measured in step b) indicates that inhibition of the

BHBSP HAjfakSHIO FetnBTRsteR adsrotehresl) Wsstbar e tafchmerse «
mﬁxdiﬁﬁgemm@umeg@&&h@ﬁ@mﬁs@rwpaimmm@@emﬁutﬁegaieus) of the

tissue i atesthe level fpzo phos rlatlon the tumor, treated with a
BN § e i R A L e i Tt o

mitspénylasictvetirg aefdnttknovrmoteithGSe of gmmwpémphoméaamﬁa@s, c)
cepRglvateann Riliferating.cells aapaaifically (PariRheah RIgRdry agent; d

mononuclear cells. The activating agent is preferahly selected from the

BFOUPIEHERAFIG o BRTRIBIRSHISE 1 24 Aistife TADAEEAbL O m&nowde&r cells) of
(Bh &&&ﬁhisl wilgiatisyithno GanvAifGageanavalimA)yiMore theefetablyd tdaeond
actlvatln nté%hlzl\i%meha rrlovqe:i\t th? igs rrogate %so e sang) |
oﬁﬁ&presen iRVENtON 1S any issue éﬁ)e o as a'subst 'fe or

ptadeiidnt foratsentadidictisoge foheoritord rﬁ}gewwblﬁg”ﬂdanﬁés%*f%@ @lplgstoma

maxhe selgaied fﬁfﬂ%&g@y&%&%@@&%H%M%W&&Cbm%ﬁ&fyi@ﬁ@ﬁ Ay
skill in the art. Preferably, the surroga tls ue is sele %fromt group

58%%%@}%?%?9%51&%%8 3 SR SKe aﬂaeﬁ ihatdblood
@M@ﬂmﬁé&tond&ehﬁnblmwmpm@m éRb eitm{ﬁlaeuswdogadfev\ﬂsswm the difference

chthﬁleer%af 8@%{1{5@ n%o HI? RINgLRlS, %'h?s%@%ﬁﬁf&%{‘ép{ﬁe leyel of

perip nuc ear cells, or 12- I rating cells, such as for
Sraletliteal m@@@m@w@% gvxrﬂho'ré%-ewé«!hsmthgergurrogate
tissue is peripheral blood mononuclear cell(s). .

The activating agent may be selected from any mitogen or activating agent known
to those of ordinary skill in the art that can activate non proliferating cells, specifically
peripheral blood mononuclear cells. The activating agent is preferably selected from the
group consisting of PMA (phorbol 12-myristate 13-acetate), PHA (Phaseolus vulgaris)
and Con A (Concanavalin A). More preferably, the activating agent is PMA.

The surrogate tissue (surrogate tissue samples) of the present invention is any tissue
that could be used as a substitute or replacement for the tumor tissue for monitoring
biological response and may be selected from any surrogate tissue known to those of
ordinary skill in the art. Preferably, the surrogate tissue is selected from the group
consisting of skin, buccal mucosa, whole blood, isolated peripheral blood mononuclear
cells, bone marrow biopsies, etc. The surrogate tissue (cells) selected may be non-

proliferating cells, such as for example peripheral blood mononuclear cells, or
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The present invention also provides a method for monitoring

pharmacodynamic 5 drug action of a cdk inhibitor in a mammal,

comprising administering the cdk inhibitor to the mammal; obtaining one

or more test biological samples from the tHammal at one or more

3&%8%‘?&%‘@9&1@“2%}?9&5}'&% ! etBSc%Qf(&H{HP&O{ ;ssq}éaé t.mlglgyg referably, the
hosphorylation levels present in the test blologlcall sample or san%les_

HEBIEROVAN SRS P MR TRREEBIIsaTiFRY the amount of Rb

phosphorylation activity in the test 10 biological sample to that in a

reference biological sample obtained from a mammal to which no cdk

inhibitqr has been administered. The biological sample of the ahove .

method ThRYS SeIEtA RAT Ay H AT EHLfaraB A AL e drmamic

hinwamgtinwifielr dhenbidiogicalsamplais seteptédrfre dnagsoumgle cdk inhibitor

ceneistng0h 2Ll i, Mk USSHERNE SHIRAALS: USSHESADRIGRe WRIRIN at one

the surrogate tissue samples are defined as above, More preferably, the

G S ETEN S SR THA P 666 Mot o ELIRRE Komor

tisisoie And st atdstissue samples svWthlositiDgaip lissue Seiaples beii@val from
eferred and peripheral.bloed mononu r gells of said. surragate tissu

et b i s

Jodssirelsamplesodha obraasfraliab bligircdndmpbee prefedblyraremammal to

Sglgctedfrm; teHrouR. QRRRIsHAg L fakgmouse and human (homo

sapiens), with human biological samples being most preferred. The

measuring of the level of the phosphorylation of retinoblastoma protein -

may 25 be accomplished through any of the standard phosphorylation

assay9d knbwicigeheniplordinarytskilt indthe d; dndlucihgtbdifiaot imitec tomal,

rniBlot, ELI nzyme linked_immunoadsoerbent assay), 1H

D R A bt o he o

THegaladivnet e pHespHoslaton assegeivilisesspapisorvibactistigsurrogate

Cﬁ&kﬂ@@a@ﬁ?@f'@@@@ﬂ%&%@ samplethat jsdilized 6,0 5i{008xanapleyle is selected -

ot 30 and ELISA may be used with any or all types of tissue

Véestern B ! r@@\} | f -
cBIThEYS SF St St eSS WRGBHE R BT 18 & hdTHOG Wo s SAmBHes: Wi
appropriateswiergipitebtissuer efiilizethimitheriphethbb of themprasdatr cells of said

invention.was,a ésbag&%_vn?(m%@mw% | DioRSY Mg ?@&%siﬁ%g& surrogate

analysis would he most applicable to samples that were single cel

stigperemricsatnobEvBIMRHas angsomier perpheRl BRISdTseseRiRTe e group

cellssi®lng of rat, mouse and human (homo sapiens}, with human biological samples

being most preferred.

The measuring of the level of the phosphorylation of retinoblastoma protein may
be accomplished through any of the standard phosphorylation assays known to one of
ordinary skill in the art, including but not limited to Western Blot, ELISA (enzyme linked
immunoadsorbent assay}, IHC (immunohistochemistry), and FACS {fluorescent
activated cell sorting). The selection of the phosphorylation assay will depend upon the
tissue, cell line or surrogate tissue sample that is utilized e.g., for example Western Blot
and ELISA may be used with any or all types of tissues, cell lines or surrogate tissues
whereas the THC method would be more appropriate wherein the tissue utilized in the
methods of the present invention was a tumor biopsy or buccal mucosal biopsy, whereas
FACs analysis would be most applicable to samples that were single cell suspensions such

as cell lines and isolated peripheral blood mononuclear cells.
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13 The following examples are provided for illustrating purposes only and
are not meant to limit the scope and/or breadth of the present invention.
Examples 5 Example | Materials and Methods: 1.1 Cell Lines and
Culture The cell Iines below (Column II, Table 1) were maintained in the

| h t
AT (R DDA RSIONS o

HﬁMtLﬂ@lﬁfQﬁﬂﬁéQC@ BribtiraBrsancialy finéerused in Rb Western blot

- analysis: tissue origin and growth media Tissue Origin Cell Line Growth

Medium human colorectal HCT116 McCoys 5A carcinoma rat mammary
MTLn3 RPM1 1640 adenocarcmom%The HCTl 16 cell line was obtained
from the American Tissue Culture ATCC) Manassas, VA.
MTLn3 cells were obtained from Hoffmann-La Roche 15 Inc., Nutley, NJ.
1.2 Test Articles The test compoundMﬁdUND A, [4-amino-2-(1-
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-yl]-(2,
JddiftuaioGdridthbagphenyl) 20 methanone, was synthesized by
Hoffmann-La Roche Inc. To prepare stock solutions, the compound was

digsolved at-10 of,30,mM:iN:1P0% dimethyl sulfoxide (DMSO) (Sigma)
and stored at -20.C.in amﬁﬁﬂ@; s vials. 1.3 Western Blot Analysis and

ELISA 25 CEg SRR GRS e bl PBgsAmER il pdpsgesignated
frordithe flBsks. z)ﬂdhpﬁlls:wmreeicﬂlﬂhd@% iRe 6 il dtrbasd (Bﬁ%ﬂmrﬂqdﬂﬂﬂ&tﬁdHLEBS;

| H (% Si ffe 19%9 gg 1:1. P%% lycine
R R TR A
mercaptoethanol). The volume of lysis buffer used was 5 ul per

Table1  Cell lines used in Rb Western blot analysis: tissue origin and growth media

Tissue Origin Cell Line Growth Medium
human colorectal HCT116 McCoys 5A
carcinoma
rat mammary MTLn3 RPM1 1646
adenocarcinoma

The HCT116 cell line was obtained from the American Tissue Culture
Collection (ATCC), Manassas, VA. MTLn3 cells were obtained from Hoffmann-La Roche
Inc., Nutley, NJ.

1.2 Test Articles

The test compound, COMPOUND A, [4-amino-2-{1-
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y1]-(2, 3-difluoro-6-methoxyphenyl}
methanone, was synthesized by Hoffmann-La Roche Inc. To prepare stock solutions, the
compound was dissolved at 10 or 30 mM in 100% dimethyl sulfoxide (DMSO) (Sigma)

and stored at -20° C in amber glass vials.

1.3 Western Blot Analysis and ELISA

Cells were washed 3 times with cold PBS on ice and scraped from the {lasks.
All cells were collected in 15 ml tubes. Celis were pelleted by centrifugation and lysis
buffer was added (1:1 PBS: 2X Tris-Glycine SDS Sample Buffer (Invitrogen, Carlsbad,

CA) containing 5% 2-8 mercaptoethanol). The volume of lysis buffer used was 5 ul per



10

15

20

30

35

-14- 1X106 cells. Samples were sonicated for 30 seconds on ice.

Following sonication, samples were clarified by centrifugation at 16,000 x

g for 10 minutes at 4 C and protein concentrations were determined using
Non-Interfering Protein Assay Kit (Gene!dechnology Incorporated,

Mapélewood, MO). Proteins were denatured by boiling for 5 5 minutes and
18 Rtriseilfe damlipssuatsaw ristve. fPrSimeoneroraseVEll eI Uy GFioay samples

vshlé?@&%ﬁ%%@@?%é?ﬁ(l SR tﬁﬁi)@(}gﬂﬁlm&‘lg ﬁ]ﬁ|1@§1@ﬂi@m%teé§f§ill§1\?@1®¥biﬂx2%
rs-glycine ge vitrogen).and e tro tt .onto a u.

¢ Eﬁﬁf&ﬂ%ﬁk’ﬁﬁ%%%tﬁ?%m %%%3%%%@%5@6%%3%8#% égf%’nﬂ%%%ngt
TadmdempleraitperirtdioeiipigdusiarviG% nillkcinsPB 810l e 1ok Tedderbeding for 5
ﬂ%ﬁé@%@/é&m@g@ With the primary aptiRady atie ACANEIMIGN. ug of cell

mbranes were washed and incubated with the secondary antibody for
I—rgé'cme gel

IBpimiutes Atrp SR @ripertaraidair istBkasn At Bt e o bt o

(ﬁﬁkhﬁ%%@%)_ chemeluminessenae(EEL RlvsAspershasm, Rharmasizen).
Biotech, |scatawa¥, NJ). For Western blotting, total Rb was detected

Nsinbranebsay: HribeerOiSD BlbaERSITER CORTBiBo N king butfer
Filytiomah, 20001 FhheRbesphesyRtiahtstatesinfih aibefioe 80 bntibody at

serine 795 and serine 807/811 was detected with, phgsphospecific .

S Ganiet R MTEHE S 000 ol Sl S hatoay Halgn tbody o
W AYirFoesdetastingRipphosphbryiationdatatiiennine @icdmitoranRinhanced
c%fﬁ\ﬁﬂﬁq losouEcer IBignationah.Camarilio Al wele pﬁs@&mfmmpm

to the manufacturer's 20 protocols, 1.4 Anal;gls of Rb Pﬁosp_b.ory tion in

Wasiarab atmbrealiRbiesdeiraes Cais HitRIRATRT B PO dt thdoscence,

96001Qd, W), 189 Gi2dvh cneckBXICEhH6 @ih eoheanirations fatcalkerine 780,
rowth inhibjtion, a rmined i ~day 25 proliferati : tes ..

STa0E LAty Ec T B s B B SRR SR uions

aridisefne b Figue EyhTh sarievdatdsAlere tested using the human

Rb ELISA kit that measures phosphorylation at threonine 821 (Figure 2).

Treatment with COMPQUND A resulted in inhibition of phosphorylati :

all three CBK RESHRBAHOTRREE AL Eah 3%%%@68 SR o it

@ckdAnalysis:of R POesphidylationieraiRed TeuoweliQelb heenanufacturer’s

protocols.

14 Analysis of Rb Phosphorylation in a Human Tumor Cell Line

HCT116 cells were treated for 20 hours at the ICs (0.1 pM), ICs (0.2 pM)
and 3XICsp (0.6 pM) concentrations for cell growth inhibition, as determined in a 5-day
proliferation assay. Lysates were analyzed By Western blotting for Rb phosphorylation at
serine 795 and serine 780 (Figure 1). The same lysates were tested using the human Rb
ELISA kit that measures phosphorylation at threonine 821 {Figure 2). Treatment with
COMPOUND A resulted in inhibition of phosphorylation at all three CDK

phosphorylation sites in a concentration-dependent fashion.

1.5 Analysis of Rb Phosphorylation in a Rat Tumor Cell Line

To determine if COMPOUND A could also affect the phosphorylation status
of Rb from a non-human source, MTLn3 rat tumor cells were treated for 20 hours at the
1Csg (0.17 M), 1Csy (0.24 uM) and 3XICqq (0.72 pM) concentrations for cell growth
inhibition. Lysates were analyzed by Western blotting for Rb phosphorylation using

polyclonal antibodies prepared against a peptide corresponding to sequences surrounding
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To determine if COMPOUND A could also affect the phosphorylation

status of Rb from a non-human source, MTLn3 rat tumor cells were

treated for 20 hours at the 1C50 (0.17 pM), IC90 (0.24 FM) and 3XIC9

(0.72 pM) concentrations for cell growth!35-inhibition. Lysates were

analyzed by Western blotting for Rb phosphorylation using polyclonal
réntibbolis lefepared A Ainsta pepaadbdasps Atin g aepEHBdLOMPOUND A

é&tﬂ@&@ﬂ%ﬁ%@hﬁ%@@ atedesiine 80#/8dsl in humapiidb Fgur&B).
Treatment with COMPOUND

_ | A.re ..in inhibition of phosphorylation
TR OB TRl aph %-%ﬁ%%séﬁg%(i&&aﬁ%%@by the
anti-phospho-serine 807/811 antibody. 5 Example 2 MATERIALS AND

METHODS 2.1 Animals Female Fi%ﬁ@é§obtained from Charles River
Laboratories were used when theywere -1.3-15 weeks old and weighed

- MrgpRjramaNRIMRIFaIS were examined prior to to the initiation of studies

49 ensure that.they were healthy and acclimated to the laboratory -

environment. Autoclaved water and.irradiated food.were provid dwh
~libitum, antFiA&teh f\%}éf’g’?%lgi%‘%agﬁe‘%aér%? S Roar ﬁ‘é% ré‘ﬁlgd?‘g%?%re usec WhEn

thyelee 2 Ttoreeds MTngd velihwerd Hravamin RPanimglsovere examined prior to
& g%%{ﬁl%ﬁt%@ WithL9%.heat: inaciivated EaialBevine Seml kFBSlaboratory

nvitrogen, Carlsbad, CA) and 2 mM L- glutamine o
(CiBTORAtsIerr Ed RS disrd o SR R o R Euand the
were1ohtainedtiomdalimanida RgehaihdarNuttdy, NJ. Approximately
1X106 cells/0.2mls/rat in PBS (Phosphate Buffered Saline) Phenol-red
free, Ca'’2 and Mg_ ' 2 - free 20 were implanted subcutaneously in the
tight mamfamydet pad. 2.3 Test Article The test compound COMPOUND

A, [4-amingr21(1» methanesuiipvipiRe ligingy Ripinah eyimidit 20M)-Heat-
3-difluoro-6-methoxyphenyl) 25 methanone, was synt%i%i\%gﬂp\ﬁ 42 mM L-
Drsttosr CHIRRIYE Sromdht-TERGHTRYEISKTB 4y and 2 m
farmulatedas@osuspengien ind Ydidudetl Enolth Dl S66TURe T BONGF Lofapells were
iniection,. Compopnd was stored af AGand,vesexgdinumediajelx psfor to
cells/0.2mls/rat in PBS (Phosphate Buffered Saline) Phenol-red free, Ca** and Mg"“2 - free

were implanted subcutaneously in the right mammary fat pad.

2.3 Test Article
The test compound COMPOUND A, [4-amino-2-(1-

methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y1]-(2, 3-difluoro-6-methoxyphenyl)

methanone, was syﬁthesized by Discovery Chemistry, Hoffmann-La Roche Inc.
COMPOUND A was formulated as a suspension in 1% Klucel LE with 0.1% Tween 80 for
oral injection. Compound was stored at 4°C and vortexed immediately prior to

administration.

2.4 Experimental Design

The dose selected was 80 mg/kg, determined to be an efficacious dose in this
animal model. Tumor growth inhibition in the MTLn3 xenograft model after 2 to 3 |
weeks of oral dosing at 80 mg/kg once weekly averaged 90% with 2/10 complete
regressions. COMPOUND A was dosed on day 10 post implantation of cells, at which
time the tumors were 100-200 mm’ in size. In this pharmacokinetic/pharmacodynamic
experiment, plasma and tumors were collected at 1, 2, 6, 24 and 72 hours post dosing of a

single oral dose of COMPOUND A. Tumors were removed and immediately snap frozen
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administration. 30 2.4 Experimental Design The dose selected was 80

mg/kg, determined to be an efficacious dose in this animal model. Tumor
growth inhibition in the MTLn3 xenograft model after 2 to 3 weeks of oral
dosing at 80 mg/kg once weekly averaged 90% with 2/10 complete
regressions. COMPOUND A was dosed on day 10 post implantation of
’éb%@,“é]t WHRSFBEHHIECHE Hindors Wete 406-200 tiatinrstral it treated and
phatnacekinetic/pbosraapedynamitu expalirienhdlasMeoanshttiorns were

cpliociat R, 20,24 and 12 hours post dosing ot sinale orel dose of 1
. 'umaors were remove andﬁlmme lately snap 1rrozen i%i-

imliopidnhitrbels bled roredlat caiictantivtrng roncéRrationpinaljsimn. Peripheral

Motreaiet Andivehigle (@%@Mg@Q}EQma@&E%M{@a{@@E’Q@QMH mitogen and

analysis. Concentrations of COMPOUND A in plasma and tumors were
had s tisandaliveties hakaber time point. Whole blood was

also collected for analysis of Rb phosphorylation. Peripheral 5 blood
mononuclear cells (RBMCs) were isolated, stimulated ex vivo, with

mitogen ant SRR SL By e Bl S e e B o S8bond
pRAMIREGIhATiE srylaplasmly cohveirreribes Do cOMP BluNDspiweiation in
siniladyanalyaed asdesibatahavs and RRNOsPHRIRISTENMEDRND A was

PBMCs and tumor xenogratfts treated with a single oral dose of
EHMBYUND A was examined. 2.5 Analysis of Rb Phosphorylation in Ex
Vivo Stimulated Rat PBMCs PBMCs are not cycling cells and need to be

imulated with.the mi n 15 to enterthe gell cvicle, gﬁl&tof
?h%ese ceIIs}\(\/I{/ﬁ%?Y%m a%qé%cooﬁci\:{ﬁ }F&é%%% of Oln%%rilp%i? kfg Egef?r;s was

sufficient f6Bdétectismort pribispiseiylerdd rad ife ke PBMEEhyWediemitogen PMA
Rlehanalsisilfcigwerdrq &R RBWGsQlation anphsimudation ArBIRRcFem ng/mi

R e e s B SRS R westrn
plotecdlyssudpiied:By. ICN Biomedicals Inc. (Costa Mesa, CA). Briefly

whole blood was diluted 1:1 with cold HBSS (Hanks Balanced Salt

Solution), Ia§ered onto the LSM and centrifuged.
2.6 PBMC Isolation and Stimulation

Blood from three rats at the specified times was pooled (~10 mis fotal) and
PBMCs were separated using the Lymphocyte Separation Medium (L.SM) and protocol
supplied by ICN Biomedicals Inc. (Costa Mesa, CA). Briefly whole blood was diluted 1:1
with cold HBSS {Hanks Balanced Salt Solution}), layered onto the L.SM and centrifuged.
The Ia_j/er of mononuclear cells above the LSM was collected, transferred to a new tube
and washed once with cold HBSS. Cells were resuspended in RPMI 1640, 10% HI-FBS, 2
mM L-glutamine and 0.01 mg/ml Gentamicin Reagent Solution (GIBCO/Invitrogen).
Cells were seeded into T-75 cm” flasks at < 1X107 cells in 20 mls medium and stimulated
with 300 ng/ml of phorbol 12-myristate 13-acetate (PMA) for 24 hours. After 24 hours,
cells are collected on ice, washed, resuspended in 1 ml cold PBS and processed as

described below for Western blot analysis.

2.7 Western Blot Analysis
PBMCs were coliected by transferring the cells, including attached cells and
those in suspension, into 50 ml tubes. The flasks were placed on ice and the attached cells

were scraped from the flasks and combined with the suspension cells, The cell pellets
were washed twice with cold PBS. Lysis buffer was added (1:1 PBS: 2X Tris-Glycine SDS
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The layer of mononuclear cells above the LSM was collected, transferred
to a new tube 25 and washed once with cold HBSS. Cells were
resuspended in RPMI 1640, 10% HI-FBS, 2 mM L-glutamine and 0.01
mg/ml Gentamicin Reagent Solution (GIBCO/Invitrogen). Cells were
seeded into T-75 cm2 flasks at <_ 1X107 cells in 20 mls medium and

SriniiRedionil GoD SR o rpHbO) TonfimSERYA 3-8 setatanierepd) to the cell
2A1hoyes. Afien24 HESbu%H%M@ﬁI%pMWG washRe: FReUspenaedated on

i”:%@ségo;m L R PEMEL LT da BB Danirarigd

. phmemllaﬂndmﬂngmtt&mheﬂneﬂamn@ﬂhméam%wg&mm ifserBEin{Geno

UDESHIT ﬁf‘%ﬁ@ﬁ/ me fheattached cells 3o wetehy

scrape s an comblned with the su ension cells. The ceII

b@mgewé%gﬁa%wéﬁlﬁm@@%fﬁr@ammw yrs poftslAneitrpinfugation.
P@&M&&@iﬂﬁh@&@%mmgmmgxﬁtﬁﬁete(rhﬂmﬁgg@as Gadsbadl 1A},

-con al 5% 2-(3.m reap toeth c | llet. Th
R BOREH HLE WL L T REPToLIDR S0 SAMeD MRS e A poress

igenkon aq %ﬁgﬂgsglfiﬁﬂf@él @M\ﬁ&r@tg’&u)gatmelatﬂcﬁym&& @hforalpim P F

at 4C and protein con rations dete f

}%ﬁa%\% IR?%%% % UBRRS %eéygﬁo% Kilewog”qﬁ/lté:jnperature in
mm@ngysdfes Wmﬂiepa?@ﬂ/ﬂ;l%&wogemjlﬁgilmeEWhmh@ﬂﬁ)zéwm@rtﬁrﬁ '
%v a'%yfiﬁa@ @k%éw%ge@x EOHHYABIN, PRGNS Were AeNAMed BYth the

for 5 minutes, centrif ged as described above, resolved (20-40 ug

wgaféibgﬁﬁﬁé%m@wﬁ%méﬁamﬁér%M?Bﬁﬁtﬁr%fg%%mﬁ poied
éul%%/m%ré&ighg@uaecﬁ@h@nmﬁﬁagﬁbja))mietepuésbmmm;a@:aqm@ma&ch
membra mbra r bout |
ey T e K e S OSSR Ly 00
B?armwwﬂmheemmfmyﬁmboﬂﬁ)&ﬂ@ﬁw@m@Iﬁtl M@ﬁwﬂ’rﬁh@éiﬁﬁéf@ were

S U s

BRI ﬁﬁﬁ@g&@ﬁ@gt{mmog S SEAUSAST U ERL g orylated serine
PIsCatavayn ) (Fauit/estend b&ﬁ@yiﬂﬁlﬁ@sma&iﬁﬁé@t&dlaﬁmmg polyclonal

kR am rheingen (B RIOSHEnce A Dieg. ) At A gl

esw tern Iottln for Rb

analyse
ph@sMﬁ%wagﬁg%/&WWmMUre 6). Both antibodies cross react with
rat Rb. The phosphospecific antibodies were used at dilutions of 1:1000 (Cell Signaling

Technology, Beverly, MA).

2.8 Plasma and Tumor Exposures after Oral Dosing of COMPOUND A
After a single oral dose of 80 mg/kg, plasma and tumor tissues show a similar

concentration time profile of COMPOUND A. Maximum concentrations in both plasma

" and tumor tissue were observed 1 hr post dose. The concentrations in the tumor samples

taken from the same animals were approximately 50% of the plasma concentration and at
24 hrs tumor drug levels (164 + 28 ng/g) approximated plasma exposures at 24 hours
(250 + 74 ng/ml) (Figure 7). Drug levels in plasma and tumor tissue were measurable up
to 24 hrs after dosing in all the animals in PD 664 (3 rats per time point}. One out of
three animals had a measurable plasma concentration (212.5 ng/ml}) at 72 hr after dosing.
Overall the plasma data seem fairly predictive for tumor concentrations particularly since
the extraction of drug from the tumor samples might be less than complete. No drug was

detectable in the vehicle group.
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prepared against a peptide corresponding to sequence surrounding

phosphorylated serine 795 in human Rb (Figure 5) and tumor lysates

were analysed similarly using polyclonal 20 antibodies prepared against a

peptide corresponding to sequences surkdunding phosphorylated serine

807/811 in human Rb (Figure 6). Both antibodies cross react with rat Rb.

The phosphospecific antibodies were used at dilutions of 1:1000 (Cell

Signaling JiechnBlegPIBersditeMAIngh & Aase.hacsT uftltdMPOUND A,

Exposures alteroral Qesing of GOMPOUNG A Aftera sipale aral 098 it 24
g/kg, plasma and tumor tissues*show a similar coricentration time

Iprofite 4% @R dIsND INeMaplimumceonoennbeisdr bsuriplisma-hkr. No

(gyg%q(,g@é{gcyyig[gig%g%qcpe brRgst dose. The concentrations in the
tumor samples taken from the same animals were approximately 50% of

the plasma concentration and at 30 24 hrs tumor drug levels (164 28

{‘g’g)ﬁﬁﬁg’é‘ﬁﬁ%ﬁé@%& %P&%PAE&P@%E?WS (250 74 ng/mi)

igure vels in plasmaand tumor tissue were measurable up to

24 hrs after doging in ek tha animals in RRBGA IR [ats DIt poinl@ne
out of three animal}s ad ayeasurabl pIESmE concentration (> 12.5

AR AL 7D H srEH e S ERAITY QRS FRp shimulated
phadiciVE ford 6mor conog htratignspactitutartywsthce B8 RIGddsdraction of to 24

éﬂ%f‘r‘?ﬁe{?ﬁ%t @%?rﬁ%%‘(ﬂ'%f’ UGS D RS A GaMRISIe .6 ‘z_{gg’lééﬁgtg

etectable e vehicle group. -18- Similarly in PD 675, after a si
dagTkeFordabsatair@OMPOUND A, drug was measurable in all the
animals up to 6 hrs (339 88 ng/ml) and in 2/3 animals 24 hr and 48 hr

B wae o R TP AR gt ™ M ®

alysis o

Phosphorylatismin RareBircsOlBLaHeR? of wmag@\ﬁﬁwéﬂﬁé@wﬁh a

singieheralese e RBGMatke: CRMROUNANRSIedHNIR deseasEifukls). Fach
{;@hoglatlon in ex vivo sggnérlat 10 PBMCs %};lggrﬁ 5} aiéZ.and 6. ¢ thre

ol BESU R C IR RUAEFURAD 3 (RS adpe point thiee

didatmeritindreticof thelPbdstitiesnilotaeRbdavels midspbbappedritb observed.

AECIRASE ¥t eANNERl A0 APRYSIS T RPENASBNIHAIRMHR Rior tissue than

MTLn3 Xenografts ,
the serine 795 antibody used in the PBMC lysates.

Example 3
3.1 Test Article _

The test compound COMPOUND A, [4-amino-2-(1-
methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y11-(2, 3-difluoro-6-methoxyphenyl)
methanone, was synthesized by Discovery Chemistry, Hoffmann-La Roche Inc. To
prepare stock solutions, the compound was dissolved at 10 or 30 mM in 100% dimethyl

sulfoxide (DMSO) (Sigma) and stored at -20°C in amber glass vials.

3.2 Human PBMC [solation and Treatment
Approximately 10 mis of blood was collected from five healthy human
volunteers into sodium heparin treated Vacutainer blood collection tubes by Employee

Health Services. PBMCs were separated using the Lymphocyte Separation Medium

-~ {LSM) and protocol supplied by ICN Biomedicals Inc. (Costa Mesa, CA). Briefly whole

blood was diluted 1:1 with cold HBSS (Hanks Balanced Salt Solution), layered onto the
LSM and centrifuged. The band of mononuclear cells above the LSM was collected,
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15 In tumor xenografts COMPOUND A also shows a reduction in
phosphorylation of Rh in a timecourse similar to that seen in the PBMCs
(Figure 6). Each of the lanes represents a tumor isolated from one animal
and for each time point three different tutthers were analyzed with similar
decreases in phosphorylated Rb observed. The serine 807/811 antlbodg .
tipasfomed saingavahe stdnpehethpraivie colhbHtss elnarreo sHspended in

oerne 485 amabedyresed INhE-PEMGiheaiesy (@mplEGnlalnl@sReagent
Article The test com ound COMPOUN% [4-am

no-2-(
Sathan SStRoBTRr -G HeI oS ATG LRS- d??zzm; t%asks at < 1X107 cells in
ﬁ}@hﬂw@f@ﬁnmeﬁmmhmyﬁ) wﬁﬁtbﬁhﬁgﬁnwsﬁyﬁﬂlﬁ&zeﬂybwﬁhsmmﬁyate

Bt ffm Roc e stoc soluti
‘g)lour% ‘Qfgs él ve Fia 1% W /n dlmet?n%: gg?%%(?d%] 16
x@@ﬂh@bye(ssm@)eém hmiééldtﬂﬁé@ﬂﬁ prptsreflass vieided b g pHemgpstern blot

RBMK Isolation and Treatment Approximately 10 mis of blood was
collected from five healthy human volunteers into sodium heparin treated

~Vacutainer blood collection tubes by Employee Health Services. PBMCs

nere sepamﬂemiﬁg)mli@lmmocyte Separation. Medium (LSM) and

protocol suyppli ICN dlcals Co ta Mesa,

35 blood MfgﬁiT ‘f é%r l( gn sﬁafahncce é‘ % and
flayeradsosperthien IS é@\dﬁ:mbmu@bd THe barﬂjpdﬁfmibmmﬂrcﬂeéﬁheﬁﬁached cells
\QQ%VS%A}%&§M§ ﬁ%i&catﬁg’cc;rgbﬁ@ﬂ%?tﬁqgetgﬁg%ﬁﬂotfﬂ berarehwashediets were

once with cold HBS ells were resuspended in RPMI 1640, 10% HI-

- weesBed e gl ealdiRB et 61 e M eddtdidid Re adehts<BilfiBn S
, ﬁ%@%ﬂﬁ@ﬁﬁ@@é@ﬂ|€W%&l§e@ﬁ$@dﬂt@1f[n?§%@@@%&@t&eﬁ%ﬁ@ﬁ to the cell

s | is medium stim ated Wi h 30
oy TR AT B SMARFAH SUEA B B8 e CAREN pifpte somicated on
stifurlaficncwells dueiitel wmmumﬁ@émfmﬁ@edlwleméo@ and

5/%%%%9{&&?&@ s%%t%%%';ﬂ@&q ééq%tpm&%ﬁ ?l%&eﬁ@ﬁ'ééﬁ?l{?t Reno

estern Blot Analysis 10 PBMCs were collected b ransferring the cells,
WW@W@Q%@% Miplewood, MO). Proteins were denatured by boiling for 5

minutes, centrifuged as described above, resolved (20-40 ug of cell lysate per lane) by
SDS-polyacrylamide gel electrophoresis using a 4-12% Tris-glycine gel (Invitrogen) and
electroblotted onto a 0.2 wm PVDF membrane (Invitrogen). Membranes were blocked
for about 1 hr at room temperature in blocki_hg buffer (5% milk in PBS/0.1% Tween 20)
followed by incubation with the primary antibo'dy at 4°C overnight. Membranes were
washed and incubated with the secondary antibody for 30 minutes at room temperature.
Immunodetection was carried out using enhanced chemoluminescence (ECL Plus,
Amersham Pharmacia Biotech, Piscataway, NJ). For Western blotting, total Rb was
detected using antibody from Pharmingen (BD Bioscience, San Diego, CA) at a dilution
of 1:2000. Lysates were analysed by Western blotting for Rb phosphorylation using
polyclonal antibodies against phosphorylated serine 795, serine 780, threonine 821 and
serine 807/811 in human Rb (Figure 8). The phosphospecific antibodies were used at
dilutions of 1:1000 {Cell Signaling Technology, Beverly, MA).

3.4 Analysis of Retinoblastoma Phosphorylation in Ex Vivo Stimulated
Human PBMCs
PBMUCs are not cycling cells and therefore need to be stimulated to enter the

cell cycle. PMA, at a concentration of 300 ng/mi for 24 hours, is sufficient for detection of
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~ those in suspension, into 50 ml tubes. The flasks were placed on ice and

the attached cells were scraped from the flasks and combined with the
suspension cells. The cell pellets were washed twice with cold PBS. Lysis
buffer was added (1:1 PBS: 2X Tris Glycile SDS Sample Buffer

vitrogen, Carlsbad, 5% 2-(3 mercaptoethangl) to the cell
e e e g 2t AR BT er 150D LBALCS were solated,
@m;biesiwemvmdaﬁéd mgfnuié’MAwéehmanel&Zﬁjedrw Gentfugatitns, and
S%E‘l:h@ 099219 ng)ll‘ W'&{lﬁ%‘?‘l gftés GoRd v%%%@iﬁ%&‘iﬂ%ﬁ@;&@ bl ttmg at 24, 48

determined using Non-Interfering Protein Assay Kit (Geno Techno 0g

H J&B%@&%@ﬂ%@@@nmlﬁ%t&ﬁ&%@?@ﬂ’éﬁ%&a@dwwﬂw&¥érasd -
iiniBotiese sentifiged dstdasaribed H@@Mq;dﬁsﬁh\l@glefﬁﬂié&élﬁ if le@h ARV Cs

lane) by 20 SDS-pol troph 1907
- ﬁ(ﬁ%%@%ﬁ%‘ gef tnvit rog%/ﬁic Xlrc?n%ﬁ ctrc’)lb 8iph %rl% lgéjaf:ﬁ%?}ﬁég (Figure 8)

Eméwﬂ@sraﬂé?%@r{dmt@@en)ihmmmmmmckeaaﬁopabgutﬁrmm 72
IeMRYAHERIR HRcKInGRUTSEI MlkIARRRQ 126 HVEeRRN MBS srotein

by incubation with the primary antibody at 4C overnight. Membranes were
d and incubated with the secondary antibody for 30 minutes at:
room temperature. 25 Immunodetection was carried out using enhanced

emolumi ence L PI Ame ham Pha macia Bj tech
glgscatawaflg Bt ﬁ}) 3?&%% AL OFeR MCs

’ﬁrﬁthedyEfrdmmhaﬂhiﬁ“gmlEBHBI@mence San Diego, CA) at a dilution

of 1:2000. wer stern blottl

phosphoryﬁ%ﬁc?rﬁ%ng %6 yc%%% &tubn éss%ergllﬁsg ospfliu)c%Py% 1ea(§ed ex vivo
WHEHAEVAB;s derind 780, alireodivar8 a4 mnhetabwﬁm COMBPENRI at 0.2

(RIGHES &) 3! t
O e Sl T s S Al are o

Cﬁ@ﬁﬁ%f&%ﬁf&fﬁﬂ@ggﬁa PRI ROB SHARTATBEH hriahr b peliferation
B35PBMiEsarenainayding ¢alNeand tleraigra ibeddodestimulaied foreonine 821

e B e san N CE PP e fnibition
We%@ﬁhm}a&ﬁalyér@ewmaﬁfﬁmC@ﬁwer@@bldﬁwrwmlh medeewms

MHIRFEANSN BMiR: #nd dRIROBINE B2 RS iNen 480, SRUDSLEAWAREOMPOUND
erlne 807/ légospho lation sites on Rb were evaluated by Western

18@?\80513 AT AU Stimulation. Significant
phosphorylatlon at serine 807/811 and

The foregeing description-ﬂiustrates.and describes the methods of the present
disclosure. Additionally, the disclosure shows and describes only certain embodiments of
the methods but, as mentioned above, it is to be understood that the teachings of the
present disclosure are capable of use in various other combinations, mediﬁcations, and
environments and is capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate with the above teachings and/or the
sill or knowledge of the relevant art. The embodiments described hereinabove are further
intended to explain best modes known of practicing the invention and to enable others
skilled in the art to utilize the invention in such, or other, embodiments and with the
various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form(s)

disclosed herein.



5 threonine 821 sites was detected at 24 hours post mitogen addition in

human PBMCs from all five human d0n_07r (Figure 8). While

phosphorylation at serine 795 (Figure 8) “and serine 780 (data not shown)

was also detected, it was not significant until 48-72 hours post PMA

stimulation. Total Rb and actin were ruffs®standardization of protein

loading. 1..0 3.5 Analysis of Retinoblastoma Phosphorylation in Human

PFMCS AT&%Q}(?&EYXQQX? Wg COMPOUND A PBMCs from two h\ealthy ‘
volunteers Were 1Solatadrand StimGiates S o™ AR PRIN UL s seriseid ity
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Cc E#entrations for tumor cell growth inhibition, as determined in a 5
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Invention. Accordingly, t
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second amount of peripheral blood mononuciear cells of the mammal, wherein a difference in the
level of the phosphorylation of retinoblastoma protein measured in step d) compared to the level
of the phosphorylation of retinoblastoma protein measured in step b) indicates that the mammal

will respond therapeutically to the method of treating cancer.

3 The method of claim 1 or 2 wherein the agent that inhibits cdk activity is a

diaminopyrimidine.
4. The method of claim 3 wherein the agent that inhibits cdk activity is [4-aming-2-(1-

methanesulfonylpiperidin-4-ylamino) pyrimidin-5-y13-(2, 3-difluore-6-methoxyphenyl)

methanone.

5. The method of claim 1 or 2 wherein the putative phosphorylation sites are selected from

the group consisting of serine 795, serine 780, serine 807/811 and threonine 821.

. The method of claim 5 wherein the putative phosphorylation site is serine 807/811.



Claims 1. A method for testing and/or assessing whether an agent that
inhibits cdk activity produces a therapeutic response in a mammal, said
method comprising: a) measuring in a surrogate tissue sample of the
Wammﬁlé%%&?o‘éeérocﬁﬁﬂ%ehé’% re{r\{@tlon of e tmol?lastoma protein (RD) at
putative phosphorylation sites; % ) measuring in'a surrogate tissue sample
of the mammal, that has been exposed to the agent that inhibits cdk
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and/or predicting whether a mammal will respond therapeutically
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eog Qu% gl bqu) mononuclear cells of a mammal and simultaneously
exposing th $8tond amount of peripheral blood mononuclear cells of the
mammal to the agent that inhibits cdk activity; d) measuring the level of
the phosphanyiation.afeineblasioma proteinRh) af the putative
phosphorylation sites in the second amount perrp eral blood
mononuclear cells of the mammal, wherein a difference in the level of the
phosphorylation of retinoblastoma protein measured in step d) compared
to the level of the phosphorylation of retinoblastoma protein measured in
step b) indicates that the mammal will respond therapeutically to the
method of treating cancer. 3. The method of claim | or 2 wherein the agent
that inhibits cdk activity is a diaminopyrimidine. 4. The method of claim 3
wherein the agent that inhibits cdk activity is [4-amino-2-(I-
methanesulfonylpiperidin-4-ylainino) pyrimidin-5-yl]-(2,
3-difluoro-6-methoxyphenyl) methanone. 5. The method of claim 1 or 2
wherein the putative phosphorylation sites are selected from the group
consisting of serine 795, serine 780, serine 807/811 and threonine 821. 6.
The method of claim 5 wherein the putative phosphorylation site is serine
807/811.



-22- 7. The method of claims 1-6 wherein the mammal is a human. 8. A
method for monitoring phannacodynamic drug action of a cdk inhibitor in a
mammal comprising: performing an assay of Rb phosphorylation activity
in one or more test biological samples from a mammal to which the cdk
inhibitor has been administered, whetéin the test biological samples were
obtained from the mammal at one or more specified times after
administering the cdk inhibitor; and comparing the amount of Rb
phosphorylation activity in the test biological sample to that in a reference
biological sample obtained from amanmunatto which no cdk inhibitor has
been administered, wherein the test biological sample is surrogate tissue.
9. Th%énMethod of claim S. wherein the surg)ﬁfte tissue sampleisa
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